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Influence of Soil Biopopulation on Migration of

Waste Radionuc!ides

E.B. Fowler, W.L. Polzer and E.H. Esshgton

Los Alamos National Laboratory

Introduction

Radionuclides may be removed from waste

employing precipitation or sorption on a medium

solutions by various mechanisms

such as ion exchange resin or sail.

Any soluble, nonsorbed material is potentially mobile through the soil in the area of

disposal.

In a classical sense, the removal of an im~rganic species from solution by

sorption on a solid particle may occur by either ,pecific or nonspecific sorption. As

defined by Bohn et al,(’) specific sorption involv~s a physicochemica! reac~ion at

the surface of the particle whereas nonspecific sorption involves a physical ion

exchange reaction at

in the environment,

ThCJ removal of

a surface, Nonspecific sorption is most generally encountered

a species is not i.i simple process M stated; several par~rnctrrs

SIK-ll ils pH, rmiox ~tcrltial, ionic strength mld complcxing iorls h~vr an ir~fluunc”o

on tl)c iorli(” (-lmrgc and th(ls on the rcrnoval reactions.

tlwr

for

irnlx)r tw}(”r o f

plutor~iurn. A



such as versene, tri-vere or sequesterene. Chelated ions thus became a part of the

buried waste. The stability of the chelated ion varies with the ionic species, e.g.,

Ior EDTA/iron 111, the log of the stability constant K, is reported by Welcher(2J to

be 25.1 whereas the log K for sodium is reported as 1.66 and for plutonium IV the

log K is 27.04.(3)

Further, some natural organic chelates arc produced by microbiological

metabolism, e.g., citric acid and ckalic acid. Neilands(41 has reported biologically

produced hydroxamic acid type siderophores which bind, or chelate, iron and

probably plutonium. Because the ctwIated ions will remain in solution, the presence

of chelates in a shallow land burial pit will enhance the potential for migration of

radion:jclides from the pit and into the soil solution.

This paper reports the interpretation

i~lats b’~rial pit radioactive waste solution

influence of a biopopulation on the degree

system was investigated.

Materials and Methods—... — .— —-..

Tilsit set it’s soil from the A horizon

of some results obtained when a Maxey

was reacted with a Tilsit soil. The

of sorption and on the stability of that

at the Maxey [:lats, KY wastr buridl sitr



mixture to remove solid material calculated to be greater than 0,05 u in nominal

diameter.

Results and Conclusions

Results are presented in Table 1 for sorption of 238Pu and for 137CS in the

bioactive or non-heated system. The degree of sorption of 137CS on the Tilsit A-

horizon soil was similar to that observed ior a wide variety of tillable soils

collected frorrl the east, the mid-west and the far west.

For the non heated system, the concentration o‘ soluble 137CS was reduced to

essential] y zero within one hour of contact with the soil. Cesiurn-137 was not

released to the soluble fraction within the 53 day incubation period. Soluble 137CS

is cationic and univalent; it sorbs readily to soil and normally does not complex.

Soluble plutonium also occurs as a cation but in contrast to c~?sium, plutonium

is multivalent and can occur in an ionic form as inorganic and organic complexes.

Reduced plutonium, as Pull] and PuIV, cc)mplexes readily with chelates.

!n the case of plutonium in the nont)eated system, the addition of soil to

waste resulted in a~ increase in soluble 238Pu of 21% before iriwbation was initiated.

In the previous work cited, employing a Ehrnwell, SC., I:uquay A-horizon soil, an

incrcasc of 200% ill soluble 238Pu had been noted. in both [-~scs, the increases

h~vc been attribute! to soil cv)ti~ics, e.g. cl)el~tm, th~t sol{lblizr plutonium from

ttw insolul)le frdction of ttw wdstc. Similar incrtwses lmvr not !xvn ol)scr vcd when

Iowcr horizon soils were rcw:tcd with pl[ltoniilu] wnstes. Irl thc~ ubsml{c of f.hcrnit-dl

or 13iologi(:dl cfcgradutim), tlw so!llblr pllltonillm t.omplcx will l)ot I)\* sorhrd MCI will

mi~rutr with the soil solutiorl. Howcvrr, if tl)~ SOI(II>lC plutoni~lll\ (wIIIplcx is

dc~rxhxl by an m-tivc biopopulation, thr pltltonium slmtild br r(”’msml, SIW(IIC1 be

sorbd by thr soil ancf tt}(ls irr)rm)bilimci.

Tl]o col][:rwtruti.m of sol~lblt’ pltltoni(m did dl~(”r(~iis(til) tlw prwmm.c of ilr~

w’tivc hiolx)ptdntiol] by 86% during tl:c 53 [lily ilwulxlth)l] pcviod. Tl,mc Wiis iJ



concomitant decrease in soluble organic matter

results suggest the presence of a 238 Pu/organic

(determined as COD) of 73%. The

complex that was degraded by the

biopopulation; the released 238Pu was removed trom solution by sorption on the

soil. The final level of 1.9 pCi/ml remaining in solution at 53 days is considered

to reflect a nonbiodegradable chelate under the conditions of ~he experiment.

1 he results are expressed as follows:

waste Pu + chelate + AI chelate

(insoluble) (soluble)

Pu chelate + chelate specific enzymes + chelate end products + Pun+
(soJuble) (so!uble)

pun+ + soil + PU ● soil

(soluble) (insoluble)

Results from the heated or bioinactive system, are presented in Table 11. The

rapid sorption of 137CS is similar to that observed for the norlheated system. In

both cases there was a rapid and high degree of removal of the soluble ] 37CS.

The results inulcate that sorptive processes for soluble 137CS are active in

both systems and that the processes do not relate to an active biopoi,~dation. There

is Iittlc potential for the migration of ] 37CS from a waste burial pit to the open

environment or to an aquifer.

In the case of plutonium, the res~,!ts obtained fol its removal from the hcatecl

systcll~ were markedly different frc’m those obtained for the nonhmtcd systcm. For

the ilcatcd systcrn, the concentration of soluhlc plutonium rcmuined rsscntiully

ronstarlt durir~g the 53 day incubation period. Sornc dm.rc~sc in tile s(~l~lblc orgar~i(’

matter WaS notml bctwrcn 9 duys mvd 53 d{]ys. Ttw mm.m of tlm respm.live 4

dctcrrninutions for 23SPu i:i 1.X .! 0.4 pCi/ml - irl fuir ugrt-crnent with t!m 1.9 J 0,1

p(Ii/ml val{Ic for tlw nor~lmdtrci sybtcrl] at 53 ddys,

Possibl.- rcw. tions for plutot}iilrt~ in the Iwutml hystcrn i~rr h)wl] tis follow%:

Wilstr ml I (’lmliltr + ml ● (’hrlillr

(insoluble) (Sulublc)



Pu chelate (absence of spec:fic enzymes) + Pu chelate remains in solution
(soluble)

Tne Jack of removal of soluble 238Pu from the heated s~stem suggests com-

plexi~g by another chelating agent which is heat stable. Results obtained for the

nonheated and the heated systems thus suggest the presence of at least two com -

plexing systems. One system is heat labile; the other system is heat stable. The

heat labile system is biodegradable within 53 days. The heat stable system, if

biodegradable, is metabolized at a slow rate. The ccmplex from that system would

be of more concern in the rriigration of plutonium with the underground flow of soil

solution.

Summary

The data have been interpreted as follows:

1. The removal of 137CS from solution by the soil is essentially complete

within a one hour reriod and is not influenced by an active biopopulation.

2. The soil studied contains comp]exers which solublize 238Pu.

3. The soluble complex dots not sorb to soil and thus is potentially mobile.

4, in the presence of an active biopopulation X6% of the complexes is

degradcwl; the rclcascc! 2’81AI was rendered immobile. The remaining !4%

of the soluble 238~IJ was not rclcasecl to the soil during 53 days incubation.

That fraction is brat stable ancl non- or slowly -bio(lcgradable and tl]us

retains its potential ,0 migrate.

Ackm)wl($d~m_rt

Tlli:t rcscar(.11 is supportd by tlw [1.!+, N(l(lcdr Rcguldtory (hmmission.
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Table 1

Removal of Soluble 238Pu and ‘G
(Bimctive System)

System Indation COD
(days) (ppm)

Waste-total
Waste-sohle

Waste/ Soil
+ o

3
9

53

1720
1360
480
470

42
11

v
v

0.09
0.05
0.03

0.(29

-1



Removal of Soluble
(Bioinactive

~stem 236Incubation COD Pu 137&

(days) (ppm) [@:,’kYIJ)

W&k-total
W%e-soluble

Waste/ApSoil

—

o
3
9

53

690
600

~300
1490
1660
99G

45
05.

16
1:4
20.
2.3

18●

N.

013
0.00
0.01

0.05


